Infiltration systems are treatment technologies based on water percolation through porous media where 17 biogeochemical processes take place. Grain size distribution (GSD) acts as a driver of these processes and 18 their rates, as well as it influences nutrient accumulation in sediments. Coarse sands inhibit anaerobic 19 reactions such as denitrification and could constrain nutrient accumulation in sediments due to smaller 20 specific surface area. On the other hand, fine sands provide higher nutrient accumulation but need a larger 21 2 area available to treat the same volume of water; furthermore they are more susceptible to bio-clogging.
Introduction

31
High nutrient loads into freshwater ecosystems lead worldwide to eutrophication, associated harmful algal 32 blooms, and "dead zones" due to hypoxia (1) . In urban areas, the input of nutrients from wastewater 
83
Material and methods
84
Experimental setup 85
An outdoor infiltration experiment was performed with secondary treated municipal wastewater.
86
Physicochemical parameters of the infiltrated water and nutrient loadings are described in Table S1 . Two 87 flow-through sand tank systems (three replicates per system) were created using different GSDs: (1) 104   Table S1 .
105
Water and sediments (note that we use the term "sediment" to refer to the porous media (sand) which is 106 being colonized by biofilm) were sampled weekly at the start and biweekly at the end of the experiment,
107
for a total of 9 sampling campaigns. Samples were collected at about the same time ( 
162
Negative rates indicate a removal process. 
168
Removal efficiency (%) = 100 · (inlet-outlet)/inlet,
169
where, inlet -outlet are the nutrient loads (expressed in mg·day -1 ). 
181
It is assumed that the main DOC removal pathways are depth dependent. In the upper infiltration layer,
182
the main C transformation pathways are C respiration (C resp ) and C accumulation in sediments (C sed ),
183
and the mass balance can be expressed as:
In depth, for the mid and bottom layers, transformation pathways are related to C used in denitrification
186
(C denitr ), aside from respiration and accumulation in sediments (28). Nonetheless, as the two terms C resp 187 and C denitr were not directly measured in the deeper layers, they were considered as a single term, denoted
188
as C resp/denitr , so that the mass balance equation can be written as: 
197
According to these assumptions, N mass balances are described. TDN mass balances are given by 
232
differences between systems at each depth. P inorg /P org ratios were also analyzed (ANOVA, factor: depth
233
and system, p < 0.05) and the Tukey post-hoc analysis was then applied to all systems separately (factor: 234 depth). Removal rates and removal efficiencies were subject to an ANOVA analysis to detect differences 235 between systems at a given depth and for the overall systems (factor: system, p < 0.05). All statistical
236
analyses have been performed using R software (R version 3.1.1, Stats Package). 
254
C, N and P concentrations in sediments ( Figure 1 ) were higher in the surface than in the deep layers. The
255
CF system showed higher inorganic P concentration in the surface sediment than F, while for total 256 phosphorous no significant differences between systems were detected. At depths 20 and 40 cm, C, N,
257
inorganic P and total P concentrations in sediments were significantly higher in the CF system than in F.
258
The ratio P inorg /P org (Table S2 ) decreased significantly in depth indicating higher accumulation of organic
259
P than inorganic P in deeper sediments in both systems. In the surface, the CF system showed 260 significantly higher P inorg /P org ratio than the F one. Sediment molar ratios are described as follows, in the 261 top layer both systems showed similar C:N ratio (≈ 7.8 -7.6), N:P org ratio (≈ 14.7 -17.7), and C:P org ratio
262
(≈ 115 -146). In the mid layer, C:N ratio increased slightly in both systems (≈ 8. 
269
Removal rates decreased in depth in both systems. In the top layer, DOC removal and C respiration rates 
Nitrogen mass balances 282
Nitrogen mass balances per unit volume of sediment are described in Figure 3 . In general, process rates 
Phosphorous mass balances 301
Mass balances of the P species per unit volume of sediment are described in Figure 4 . We assumed that 302 all TDP removed was accumulated in the sediment through adsorption or assimilation. However, in some 303 of the mass balance evaluations, TDP removal was lower than P accumulated in sediments, potentially 304 indicating an unaccounted P input. From Total P accumulated in sediments, proportions between organic 305 and inorganic P were calculated; in surface sediments, results suggested similar accumulation of 306 inorganic P (49 %) and organic P (51 %) in CF, while accumulation of organic P (60 %) contributed more 307 than inorganic P (40 %) in F. At 40 cm depth, organic P accumulation accounted for higher proportion
308
(56 -63 %) compared to inorganic P (37 -44 %) in both systems. Higher TDP and P accumulation rates 12 were measured in the top infiltration layer. Comparing systems, TDP removal rate was higher in CF in 310 top and bottom layers and P accumulation rate was higher in the CF system in the mid infiltration layer.
311
Removal efficiencies 312
We report in Table 1 the removal efficiencies of each infiltration system. Considering only the layers that 313 constitute the sediments, both systems showed similar DOC (7 -11 %), TDN (18 -23 %) and TDP (14 -314 16 %) removal efficiencies, but higher TDP and TDN removal rates were reported in CF as compared to 315 F. Including the processes in the full system (three sediment layers plus the surface water layer), the F 316 system resulted in higher TDP removal efficiency (23 %), compared to the CF (12 %). (36)). Interestingly, even though we expected higher nutrient accumulation rates in 328 the fine sediment due to higher surface area available in fine compared to coarse sediments (37), both 329 systems showed similar rates. Furthermore, in the case of P, where we distinguished the inorganic to the 330 organic fraction, inorganic P showed greater accumulation in the bilayer coarse-fine system. This 331 contradiction could be due to the fact that difference in sediment texture has mostly been associated with 332 the presence of silts and clays (< 2 µm) (38) and in our study the presence of silts and clays was excluded.
333
Furthermore, higher inorganic P accumulation measured in the bilayer system could be related to higher 334 TDP concentrations in the surface water layer (39) which could enhance physical adsorption of inorganic 335 P. It is also worth noting that we are not comparing coarse and fine sands, but GSDs where the bilayer 336 coarse-fine system does not act like coarse homogeneous sediment since physical characteristics such as 337 K and flow velocity are lower than a coarse sediment (12) and therefore both GSDs the bilayer coarse- 
349
In depth, accumulation of nutrients in sediments was less relevant as a removal path to that observed for 350 the top layer. The slight increase in C:N sediment molar ratios as well as the decrease in C:P org and N:P org 351 ratios compared to the top sediment layer could be linked to the fact that the dominant living biomass in 352 depth is microbial biomass which showed a different elemental molar ratio than autotrophic biomass.
353
Cleveland and Liptzin (41) stated C:N:P = 60:7:1 as the elemental molar ratio for microbial biomass.
354
According to this, sediment molar ratios at 20 and 40 cm depth following the elemental molar ratio 
387
To complete the picture, some comments can be made regarding biogeochemical processes occurring in 
15
Biogeochemical processes occurring in the surface water layer seem to be directly related to the hydraulic 397 retention time (HRT). This should be interpreted carefully since, as large HRT could favor TDN and TDP
398
removal efficiencies in monolayer fine systems, it could also decrease DOC removal efficiency.
399
Biogeochemical rates -influenced by GSDs -have implications on removal efficiencies in infiltration 400 systems. Main processes related to DOC, TDN and TDP removals are located in the top sediment layer
401
and include C respiration and assimilation, NH 4 volatilitzation, as well as P assimilation and adsorption.
402
On one hand, the bilayer coarse-fine system allows to infiltrate greater volume of water, and so greater 
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